Introduction
Diffuse infiltration of the leptomeninges by malignant primary tumours of the central nervous system (CNS) or by metastatic carcinoma is a well recognized entity. It is, however, uncommon and the clinical features are so protean that, with the possible exception of medulloblastoma which characteristically spreads throughout the subarachnoid space, it may be difficult to achieve the correct diagnosis during life. With the aim of promoting a greater awareness of this syndrome, the authors wish to review briefly the principal clinical and pathological features in 63 cases.
Material and methods
During the period [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] 63 cases of diffuse infiltration of the leptomeninges by tumour were encountered in the Department of Neuropathology of the Institute of Neurological Sciences, Glasgow. Excluded from this series are cases in which the primary tumour was medulloblastoma and cases of meningeal leukaemic infiltration. Cases in which there was only local invasion of the meninges from an adjacent tumour are also excluded.
Since it seemed likely that the presence of mass tumour deposits within the brain or spinal cord could affect the clinical presentation, the cases were divided into the following groups.
Group 1 Patients with primary tumours of the CNS or nerve roots (23 cases).
(a) Those with macroscopic deposits of tumour in the CNS or spinal nerve roots (18 cases, Table 1 ). The average age of the males was 39 years and of the females 32 years.
(b) Those without macroscopic deposits of tumour in the CNS or spinal nerve roots (5 cases, Table 2 ). The ages ranged from 14 months to 63 years. In only 15 of these 40 cases was a primary neoplasm known to be present at the time of neurological presentation (Tables 4 and 5 ). Of these 15 cases, 7 were cases of carcinoma of the breast. In 8 of the 40 cases in Group 2, no secondary deposit outside the nervous system was discovered at postmortem, excluding regional lymph node involvement.
Cerebrospinal fluid. The results of examination of the CSF were available in 16 of these 40 cases. Of these 16, malignant cells were identified in 6. The total cell count was elevated in 15 cases (maximum (Table 1) This group of 18 cases of primary tumours of the nervous system could be further divided pathologically into 3 sub-groups.
There were 13 cases of conventional primary cerebral tumours. Seven of the tumours were astrocytomas, 6 of them being anaplastic. Four of these 7 astrocytomas originated near the subarachnoid space or the ventricular system-one in the medulla oblongata, one in the hypothalamus ( Sylvian fissure. Three tumours in Group la arose within the ventricular system-2 ependymomas of the 4th ventricle and a papillary tumour of the choroid plexus arising in the right lateral ventricle. Of the remaining 3, one was a relatively well differentiated oligodendroglioma, one a gliosarcoma with tumour on either side of the insula (anaplastic astrocytoma in the temporal lobe and a fibrosarcoma in the frontal lobe), and there was one primitive neuro-ectodermal tumour in a 12-year-old female patient which originated in the pineal region and could not be classified precisely.
There were 2 examples of intrinsic lymphomas (microgliomatosis) of the CNS with no clinical or post-mortem evidence of systemic lymphoma. In one of these cases there was a discrete intradural spinal mass, while in the other case there were poorly defined masses of lymphoma in the hypothalamus and in the right temporal region.
There were 3 cases in which the tumour had arisen in the spinal nerve roots. Two of these presented originally as lumbar neurofibromas but when they recurred the appearance of the recurrent tumour was that of neurofibrosarcoma with diffuse meningeal infiltration. The third case was a rare example of a cervical spinal blue naevus with diffuse leptomeningeal infiltration.
Group lb (Table 2) There were 5 cases in which the tumour had apparently arisen within the subarachnoid space. Two of these were examples of moderately well differentiated diffuse astrocytoma of the meninges with no identifiable tumour within the substance of the brain or spinal cord. There were 3 cases of diffuse primary malignant melanoma of the meninges; 2 of these were associated with multiple benign pigmented hairy naevi, constituting the syndrome of neurocutaneous melanosis, and in one of these there was a large tumour mass arising from the meninges and compressing the underlying temporal lobe.
Group 2a (Table 4) Of the 22 cases in this group, the commonest site of the primary tumour was the bronchus (10 cases); 5 of these were adenocarcinomas, 3 were small cell anaplastic tumours and 2 were squamous carcinomas. In one of these cases (an apical adenocarcinoma) the tumour appeared to have gained access to the subarachnoid space by spreading proximally along the nerves of the brachial plexus.
Of the remaining 12 cases, the primary tumour was found in the breast in 3 (2 adenocarcinoma and one spheroidal cell carcinoma), in the stomach inkidney in one case (a nephroblastoma in a 10-monthold infant). There were 3 examples of metastatic melanoma, while in one case the primary tumour was not identified. There was one case of disseminated non-Hodgkin's lymphoma.
Group 2b (Table 5) The distribution of the primary tumour in the 18 cases in this group was essentially similar to that of Group 2a, apart from the higher incidence of primary tumours of the stomach-6 cases, 5 of which were adenocarcinoma and one an example of linitis plastica. There were 5 patients with primary bronchial tumours (3 adenocarcinomas and 2 anaplastic small cell tumours), 4 patients with primary tumours of the breast (2 adenocarcinomas and 2 spheroidal cell carcinomas), one patient with an alveolar cell carcinoma of the lung and one where the primary tumour appeared to have originated in a parathyroid gland. This last case was a difficult diagnostic problem because of the widespread dissemination of tumour but the consensus of opinion of a group of experienced general pathologists was that the primary tumour was a parathyroid carcinoma. There was one case of non-Hodgkin's lymphoma. Of the 23 cases in Groups lb and 2b in which the tumour was restricted to the subarachnoid space the ventricles were enlarged in 9 (5 cases of primary meningeal tumours and 4 of carcinomatosis of the meninges).
The histological appearances varied widely, depending to a considerable extent on the thickness of the sheet of tumour, but the general pattern was the same throughout. There tended to be particularly severe involvement of the cerebellum (Fig. 4) , the base of the brain, the brain stem and the cauda equina. Tumour cells also showed a distinct tendency to spread along perivascular spaces into the underlying parenchyma, particularly in the cerebellum (Fig. 4) (Graham et al., 1976) .
The time interval between the diagnosis of a primary tumour of the CNS and the subsequent clinical development of meningeal involvement was, in general, short. In 4 cases in Group la there was clinical evidence of meningeal infiltration at the time of initial neurological presentation. In one case, however, there was an interval of 8 years between the diagnosis of the primary CNS tumour and the subsequent development of clinical meningeal infiltration.
Previous authors (Lesse and Netsky, 1954; Grain and Karr, 1955; Fischer-Williams, Bosanquet and Daniell, 1955; Parsons, 1972; Little, Dale and Okazaki, 1974; Olson, Chernik and Posner, 1974) have drawn attention to the tendency for carcinoma of the bronchus and of the breast, especially adenocarcinoma, to give rise to carcinomatosis of the meninges. These primary tumour types are well represented in the present series. There has been some disparity regarding the incidence of carcinoma of the stomach in past series of carcinomatosis of the meninges. Lesse and Netsky (1954) reported only 4 cases of carcinoma of the stomach in their review of 207 cases of metastatic CNS or meningeal tumour. Grain and Karr (1955) in their review of the literature found that in 33 out of 85 cases of 'pure' carcinomatosis of the meninges, without spinal or cerebral metastases, the primary tumour was in the stomach; of those cases complicated by cerebral metastases, 4 out of 31 had a gastric primary. The corresponding figures in the present series are 6 out of 18 cases and 2 out of 22 cases, 7 of these 8 cases of gastric carcinoma being adenocarcinoma. Thus, although carcinoma of the stomach does not frequently metastasize to the neuraxis, it seems that when it does it has a particular tendency to metastasize to the leptomeninges rather than to the substance of the brain. Carcinoma of the prostate (Lesse and Netsky, 1954) and melanoma (Olson et al., 1974) have also been reported in previous series to give rise to diffuse leptomeningeal tumour, but the cases of nephroblastoma and carcinoma of the parathyroid in the present series are the first such tumours reported to give rise to carcinomatosis of the meninges. Previous authors (Lesse and Netsky, 1954; Olson et al., 1974) have reported a higher incidence of systemic lymphoma giving rise to a leptomeningeal infiltration.
Carcinoma of the breast is known to give rise to secondary deposits many years after apparent curative treatment of the primary tumour. This property is illustrated in the present series, the interval from the time of diagnosis of the primary tumour to the development of the metastasis within the neuraxis being 15 and 24 years in 2 of the cases. In all of the cases of carcinoma of the breast with diffuse meningeal tumour, the primary tumour had been diagnosed before the development of neurological features. However, in only one case of carcinoma of the stomach and in 2 cases of carcinoma of the lungs were the primary tumours diagnosed before the onset of the neurological dysfunction. In the majority of cases of carcinoma of the lung and stomach, particularly the latter, the primary source was not discovered until post mortem.
The average age of patients with primary tumours of the nervous system with meningeal infiltration was 36 years, 20 years younger than the average age of patients with carcinomatosis or lymphomatosis of the meninges. Previous authors have reported that the majority of patients with carcinomatosis of the meninges are within the 40-60 years age range (Lesse and Netsky, 1954; Grain and Karr, 1955; Little et al., 1974; Olson et al., 1974) . There was no marked male or female preponderance in the present series of tumours primary to the nervous system. However, there was a male preponderance (24 out of 39 cases) in the group with tumours not primary to the nervous system. This can be explained by the high proportion of males with carcinoma of the lung and stomach.
As indicated above, infiltration of the meninges by tumour is most likely to be present in certain areas, namely in the cerebral basal cisterns, in the meninges of the posterior fossa and at the caudal end of the spinal sac. Since tumour also often infiltrates into cranial and spinal nerve roots, it is not surprising that the principal presenting clinical manifestations of malignant infiltration of the leptomeninges were found to include (a) cranial and spinal nerve dysfunction, (b) symptoms and signs suggestive of raised intracranial pressure, and (c) evidence of meningeal irritation. Past authors (Grain and Karr, 1955; Olson et al., 1974) have found that the manifestations of carcinomatosis of the meninges could be divided into somewhat similar broad groupings.
In the present series the cranial nerves principally involved were VII, VIII and X, with subacute deafness being a notable presenting feature in 3 cases. Visual failure was not a presenting feature in any of the cases, and extra-ocular palsies were not common as presenting features. These findings are at variance with some past reports (Fischer-Williams et al., 1955; Grain and Karr, 1955; Olson et al., 1974) .
Spinal nerve dysfunction was manifested principally as areflexia, usually with some degree of weakness, in the lower extremities. The upper limbs were far less commonly affected. Sensory loss, where it was noted, was not dense and sphincter involvement was not common. Two cases in Group 1 had spastic paraplegia, found at post-mortem to be due to cord compression by leptomeningeal tumour deposits. Back pain and radicular pain were less common symptoms in patients in the present series than in some past series (Parsons, 1972; Little et al., 1974) .
Symptoms and signs suggestive of raised intracranial pressure, such as headache without nuchal rigidity, vomiting, drowsiness and papilloedema were, in Group 1, associated with dense infiltration of the basal meninges and a degree of hydrocephalus. In many cases in Group 2, however, in which such clinical features were present, post-mortem examination failed to demonstrate hydrocephalus or, in fact, any evidence of raised intracranial pressure. The cause of the clinical features suggesting raised intracranial pressure in these cases is not clear, although papilloedema may have been related to local tumour infiltration around the chiasm and optic nerves.
In 9 cases in Group 2 of the present series a prominent presenting feature was the subacute development of a confusional state. This was occasionally associated with hydrocephalus but more frequently the ventricles were of normal size. The pathological basis for this confusional state was not obvious. It has been reported previously that the absence of a confusional state is supportive evidence for carcinomatosis of the meninges rather than tuberculous meningitis (Hughes, Adams and Ilbert, 1963) ; this is not in accordance with the present findings.
In the majority of cases where a mass lesion was present in addition to meningeal infiltration, it was the mass lesion which dominated the clinical picture. While this finding is apparently at variance with some past reports (Olson et al., 1974) , it must be remembered that the present series was identified through post-mortem reports rather than from clinical diagnosis of meningeal infiltration. The majority of deaths in Groups la and 2a was the result of the primary or secondary tumour within the brain or of the primary systemic neoplasm, the meningeal infiltrate remaining asymptomatic. In general, the density of the meningeal infiltrate found at post-mortem correlated with the degree of clinical meningeal involvement. However, it is important to note that in a number of cases, particularly where cranial nerve palsies or a confusional state were prominent, there was no macroscopic abnormality of the meninges. Microscopic invasion of the meninges and cranial nerve roots could easily be overlooked if histology is not routinely undertaken.
It was not always possible to differentiate clearly between those features related to the mass deposit and those related to the meningeal involvement; for example, a confusional state or the presence of elevated intracranial pressure could be due to either of these. In such cases, the symptoms were always attributed to the mass deposit. It was apparent, however, that cranial or spinal nerve involvement was good evidence for meningeal infiltration, and that a subacute confusional state or nuchal rigidity were also suggestive of this condition.
Neuroradiological studies were generally unhelpful in diagnosing this condition. Exclusion of a mass lesion was valuable in Groups lb and 2b. Demonstration of a communicating hydrocephalus in a number of cases was also helpful. Olson et al. (1974) described cases in which myelography clearly showed deposits in spinal nerves but in only one case in the present series were such deposits radiologically demonstrated. In 2 cases in Group la myelography revealed a spinal block, subsequently found to be due to a large leptomeningeal tumour deposit. In one case in Group lb (astrocytomatous gliomatosis) contrast-enhanced computerized axial tomography revealed increased density in the region of the basal meninges, suggestive of a meningeal inflammatory process. In this case, however, the meningeal infiltrate was unusually dense (Fig. la) (Berg, 1953; Fishman, 1963; De Vita and Canellos, 1966) One case of gliomatosis of the meninges secondary to oligodendroglioma was given radiotherapy to the entire neuraxis and survived 2 months. In no other case was specific therapy directed at the meningeal involvement. Previous authors (Heathfield and Williams, 1956; Olson et al., 1974; Bramlet, Gilberti and Bender, 1976) have reported some success with radiotherapy and chemotherapy in treating carcinomatosis of the meninges. Further therapeutic trials seem justified. Ventriculoperitoneal shunting was performed in a number of cases in the present series in which hydrocephalus was demonstrated radiologically but did not substantially improve either survival time or quality of survival.
The prognosis of this condition is extremely poor. Few patients survived longer than 4 months from the onset of clinical meningeal involvement. These figures correlate well with past series (Grain and Karr, 1955; Little et al., 1974; Olson et al., 1974) . There was no significant difference in survival time in Group 2 between those with and those without mass deposits in the brain. 
